Introduction
The ability of the crystalline lens to focus on different viewing distances decreases with aging. In most cases it is presbyopia, but the reason for the phenomena is not well understood so far. One explanation is that the cells under the capsule grow during the whole life. Thus the amount of material within the lens capsule increases with time. As a result the flexibility of the lens decreases and the lens becomes stiffer. Until now there is no satisfying treatment. The most common treatment is the use of eyeglasses. Laser-treatments offer new possibilities. One already established method for the treatment of ametropia is the Lasik surgery. The curvature of the cornea is changed during a surgery by the use of a laser. Another approach seems to be to induce cuts with a femtosecond (fs) laser into the crystalline lens to influence the accommodation behaviour. First experiments showed promising results. In vitro tests on eye-lenses of different species showed that the lens thickness and the curvature of the lens change after fs-laser treatment during simulated accommodation [1] . The testing of different cutting geometries is relatively expensive and a huge amount of crystalline lenses is needed. Human and primate crystalline lenses are rare and expensive. Another problem is the short time period between death and the changes in the behaviour of the lens. Therefore a Finite Element (FE) model was developed to be able to simulate the influence of fs-laser cuts on the accommodation behaviour.
Methods
A Finite element model of a 45 years old donor was generated on the basis of literature [2] . Within the capsule the lens has areas with different stiffness values which increase with aging. In young people the inner part (nucleus) has the same or softer material parameters than the surrounding material (cortex) (Fig. 1 ). During aging the nucleus gets stiffer than the cortex. The material properties used in this study are taken from Burd et al. [3] , see Table 1 . As a first cutting geometry a so called steering wheel was chosen with 12 segments over the whole circumference (see Figure 2 ). The laser focus points are 5 µm in diameter and the distance between two focus points is 5 µm, too. All simulations were performed with ABAQUS® from Dassault Systèmes using quadratic tetrahedrons. In a first approach the cutting areas were simulated by an inter layer with isotropic material properties. The Young's modulus was assumed to be 1·10 -6
N/mm² and a Poisson ratio of 0.49 was set. In a second step effective material properties were calculated for the inter layer in the nucleus and in the cortex using a homogenisation method by Hain et al. [4] . Therefore, a representative reference volume (RV) was modelled as shown in Figure 3 . The RV is embedded into a so called window. The wall thickness of the window was 50% of the RV. Within an iteration process the material properties of the surrounding material were adapted till its behaviour was similar to the behaviour of the RV. To calculate the 36 material constants three tensile tests and three shear tests were simulated. The strains for defined loadings were calculated and the new material properties for surrounding area were determined for the next iteration step, until an abort criterion was reached. The new anisotropic material properties were used for the inter layer taking the orientation of the inter layer into account. In the eye the zonules carry the contractions of the ciliary muscle to the lens. Within the model the zonules were represented by 21 bundles of three beams representing the anterior, central and posterior zonule, respectively. The zonules were connected to the capsule via multi point constrains. To simulate the stretching of the lens each crossing point of three beams was moved 0.2767 mm in radial direction. The lens thickness after stretching was used to assess the results.
Results
The diameter of the lens before cutting changed from 8.896 mm to 9.376 mm at the lens equator, the thickness of the lens changed 0.484 mm 
Discussion
The influence of the material properties within the inter layer on the changes of the diameter is negligible. But the material properties have an influence on the thickness change. It was possible to show, that the flexibility of the lens increases after cutting. This confirms experimental results with porcine crystalline lenses and crystalline lenses of primates. The results of the simulations with anisotropic material properties for the inter layer show a smaller influence on the changes in the thickness than the isotropic materials. In a next step primate lenses will be examined in vitro and Finite Element models will be generated of the same samples. A comparison of the simulated and the experimental data will show which assumption is more realistic. Both methods seem to be appropriate to test whether cutting geometries will have a positive influence on the lens flexibility.
